O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0525U000376
Oco06J1uBi TO3HAYKH: BinKkpura
JaTa peectpaunii: 27-08-2025

Craryc: 3amaHoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I'purop'eBa Jlrogmusa OJieKcaHpiBHA

2. Liudmyla O. Hryhorieva

KBasigikamis: k. ¢.-m. 1., gor., 01.02.04

InenTudikarop ORCHID ID: 0000-0001-7013-0327

Bup, pucepranii: nokrop Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi creniaIbHOCTI: 01.02.04

Ha3zBa HayKoBOIi CcIeniaJIbHOCTI: MexaHika fe)OpMiBHOrO TBEPHOTO Tiza

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3actocoByeTsbcs

JaTa 3axHcTy: 30-09-2025

CreniaJbHICTh 32 OCBITOIO: MexaHika

Micue po6oTH 34,00yBaya: Kuiscbkuil HaLiOHATbHMIA YHIBEPCUTET Gy AiBHULTBA i apXiTEKTYpH

Kopg 3a €IPIIOY: 02070909

Micuesnaxo;pxeum:: npocriekT [ToBiTpsHux cui, 6yn. 31, Kuis, 03037, Yxpaina

dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR:

CeKTOop HayKH. YHiBePCUTETCHKUI




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYU€HOI pagHy (Pa30Boi Cleliajai30BaHOi BYEHOI pazu): [l 26.166.01

IloBHe HalMeHYBaHHSI IOPHUAUYHOI 0COOH: IHcTUTYT MexaHiku im. C. IT. Tumomenka HaujoHanbHOI

aKkageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417070

Micue3Haxoo KeHHS: sy [1. Hecreposa, 6yz. 3, Kuis, 03057, VkpaiHa
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuyHuil yHiBepeuteT Ykpainm "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu

InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHIBEpCUTETCHKUI

V. BimoMocTi npo gucepraniio
MoBga guceprTaliii: Vkpaincbka
Koau TemaTHYHHX PyOpPHK: 30.19

Tema gucepranii:

1. YnucenbHe MOJIe/IIOBAHHS AMHAMIYHUX [TPOLIECIB Y IT€30€/IEKTPUYHHUX TijlaX 3 ypaxyBaHHIM MCUNIATUBHUX
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Pedepar:

1. Y po6o0Ti po3ryigaaoTbes 3a7adi IPo HECTALiOHAPHI Ta YCTajIeHi KOJIMBAHHS I1'€30€JIeKTPUYHUX OGHOPIJHUX,
6ararouapoBux Ta PyHKLiOHAIbHO-HEOJHOPITHUX Tijl 3 BpaXyBaHHSIM JAMCUIIATUBHUX BJIACTUBOCTEN MaTepiany. Ha
OCHOBI 3aIIPOIIOHOBAHOI YOTUPUIIAPAMETPUYHOI MOieli AeMII(pyBaHHS KOJIMBaHb [100YOBAaHO MaTeMaTHU4HI Mozei
€JIEKTPOB'SI3KONPYXHUX KOMIIO3ULIMHUX MaTepiasliB 6araromapoBoi Ta QyHKIiOHaIbHO-HEOQHOPIJHOI CTPYKTYPU.

ﬂf[ﬂ BpPaxXyBaHHS BIVIMBY dKyCTUYHOT'O CEPENOBUIIA HAd KOJIMBAHHA r'e30ejIeMEHTA piBHHHHH dKyCTUKHN



PO3B’I3YIOThCS B IIPOCTOPIi ITepEeTBO-PEHb 3a Jlarjiacom 3 MOCIiIOBHUM BUK/IIOYEHHSIM 3MiHHUX aKyCTUYHOTO II0JIS 3
rpaHUYHUX YMOB Ha II0BEPXHi BUIpoMiHioBaya. Ha 6a3i 3arrporioHoBaHOi MaTeMaTUYHOI MOZeJIi yCTalleHuX Ta
HEeCTallioHapHUX KOJIMBaHb I'€30KePaMiuyHUX €JIeMEHTIB KAHOHIYHMX (POPM PO3BUHYTO €(PEKTHUBHI YACEIbHI
igXo4y Ha OCHOBI METOJy CKIHUEHHUX Pi3HULIb, BapiallilHO-CIJIAHOBOTO METONY, METOLY CKiIHYEHHUX €JIEMEHTIB,
raMizbTOHOBOro popmasniamy Ta iH. [l po3B’a3aHHSI OTPMMAHMX KPailOBUX Ta IIOYaTKOBO-KPAOBUX 3a7ja4
BUKOPHMCTOBYBAJIMCS METOJ, IUC-KPETHOI OPTOTrOHai3allii, IBHa YMCesIbHA cxeMa, MeTog, Hpiomapka, meton, PyHre-
KyTTa Ta iH. 32 1OOMOroo0 po3BUHYTUX MiTXOMiB NOCIIKYIOTbCS YCTaleHi KOJMBAaHHS €J1IEKTPOB I3KOIIPY>KHUX
OHOPIOHUX Ta KOMIIO3UTHUX LUJIHIPIB CKIHYEHHOI JOBKUHY; IIepexifiHi Mpolecy B 6araTomapoBux Ta
(dyHKIiOHATIBHO-HEOIHOPIIHUX TOJIIPU30BAHUX 32 TOBLIMHOIO [IJIOCKUX TijlaX, IOPOKHUCTUX UUJIIHAPAX Ta KyJIsX;
IIJIaHapHi HecTalioOHapHi KOJIMBAHHS KPYIVIMX Ta KiJIbLIEBUX II'€30KePaMiuyHUX MOJISIPU30BAHUX 32 TOBIIMHOIO
IIJIACTUH IIPU €JIEKTPUYHUX Ta MEXaHIYHNUX HaBaHTAKEHHSIX; aHaJIi3 BJIACHUX, BUMYLIEHMX Ta HECTAL[iOHAPHUX
KOJIMBaHb (DYHKLiOHAJIbHO-HEOJHOPIIHUX TijJl B TPUBMMIPHIll IOCTaHOBLI. PO3BMHYTO 4MCEJIbHMI MiAXil 1O
IOCJIiI)KeHHS BJIaCHUX, YCTaJIEHUX Ta HECTalliOHAPHUX KOJIMBAHb I1'€30€JIeKTPUYHUX PYHKIiOHATIBHO-
HEOJHOPIJHUX TiJl METOJOM CKIHUEHHUX €JIeMEHTIB. Jl0CIiI)KyeThCsl BIUIUB (PYHKIIOHAJIbHOI HEOHOPiIHOCTI Ta
oucunanii eHeprii Ha IMHaMIiYHi Tpolecy B II'€30KepaMiyHUX HEOTHOPIIHNX CEKI[iOHOBAaHUX LMJTiHPaX CKiHYEHHO]
IIOBXKMHU 3 >KOPCTKOi Ta M'IKOi IM'e30kepamiku. [Ipy rapMOHIiYHNX KOJIMBAHHSX BU3HAYAIOTHCS JUCUTIATHUBHI
XapaKTePUCTUKY PE30HAHCHUX KPYBHUX 3 BpaxyBaHHSM JeMIpyBaHHs 3a PesieeM, 4aCTOTHO-HE3a/1€5KHOTO
IemndyBaHHS, KOMIJIEKCHUX MOAYJIiB. IIpu HecTalioHapHUX 30yPEHHSIX JOCHIIKY€ETbCS 3aTyXaHHS KOJIMBaHb IIPU
BpaxyBaHHS JeMII(pyBaHHS KOJIMBAHb 3a PejleeM B BUCOKOJOOPOTHI Ta HU3bKOJO-OPOTHIi ITe30Kepamilli 3
BpaxyBaHHSIM HEOJHOPIIHOCTI MaTepiany. OCHOBHI HAyKOBi P€3yJIbTAaTU MOJATATh Y HACTYIIHOMY: ® JlaHO
IIOCTAHOBKYM HOBOTO KJIACy 33/1a4 €JIEKTPOB'sI3KONPY>KHOCTI, 1[0 BPaxOBYIOTh HEOJHOPIHICTh MaTepiany
I1'€30€JIEKTPUKA, MOr0 JUCUIIATHUBHI BJIACTUBOCTI Ta BILJIMB aKyCTUYHOTO CEPELNOBUILA HA OCHOBI TEOPii
€JIEKTPOIPYKHOCTI, MEXaHIKH CIIaIKOBOTO CEPEAOBUINA, PEOJIOTIYHUX CIiBBiIHOLIEHb, MEXAHIKA KOMIIO3UTIB,
TriIPONPYKHOCTI B aKyCTUYHOMY HaOJIMKEHHI. ® Y paMKax MOHOIapMOHIYHOT'O HaGJIVDKEHHS! PO3BUHYTO MiTX04U 10
PO3B’13aHHS JUHAMIYHMX 337124 €JIEKTPOIIPYKHOCTI Ha OCHOBI BapialiliHO-CIIaltHOBOrO MeToy Ta ['amMinbTOHOBOTO
dopmanizmy. BUKOHaHO YnCesbHY peasi3alilo pO3BUHYTHUX HiIXOZiB 32 IOIIOMOTOI0 METOLLy OUCKPETHOI
OpTOroHasi3anii. PO3BMHYTI MiIX0nM alaiTOBaHO 10 PO3PAaxXyHKy FapMOHIYHUX BiCECUMETPUYHUX KOJIMBAHb
OJIHOPiAHUX Ta KOMIIO3UTHUX €JIEKTPOB'SI3KONPY>KHUX Tijl. ® PO3p06IeHO HOBUII y3arajibHEHNI YUCEIbHUM TiAXif,
1711 TOCJIiIPKEHHS HEeCTalliOHapPHUX IyJIbCYIOYMX KOJIMBaHb OJJHOPIIHUX, 6aratomapoBux Ta GyHKLiOHAIbHO-
HEOJHOPIHUX I1'€30€JIEMEeHTIB IJIOCKOi, LNIiHAPUYHOI Ta cpeprndHoi GopM 3 BpaXyBaHHIM MEXaHIYHUX,
II'€30€JIEKTPUYHUX Ta JieJIeKTPUYHUX BTPAT eHeprii. PO3BUHYTO crioci6 BU3HAU€HHS eJIeKTPOPYILiiiHOi cruiu
II'€30€JIEMEHTIB IPY MEXAHIYHMX HECTAlL[iOHAPHYX HaBaHTAKEHHX ®* CUCTEMATU30BaHO MiAX0IU 4O BpaXyBaHH:
IUACUIIATUBHUX XapaKTePUCTUK MaTepiajy 3a ONOMOro0 KOMIIJIEKCHUX MOAYJIiB, 4aCTOTHO-HE3aJIe>KHOTO
nemndysanHs, JemidyBaHHs 3a PesieeM, TAHTeHCIB [ie/IeKTPUYHUX Ta I1'€30€JIeKTPUYHUX BTPAT NIPU yCTaleHUX
KOJIMBAaHHSIX. 3alIPOIIOHOBAHO Ta JIOCIII)KEHO YOTUPUIIAPAMETPUYHY MOJIEJIb €J1EKTPOB I3KOIIPY>KHOCTI IIPU
HeCTallioHapHUX HaBaHTKEHHSX. ® 3aMIPONIOHOBAHO CNOCi6 aHasi3y BiIbHMX, TADMOHIYHUX Ta HECTAL[iOHAPHUX
KOJIMBaHb €JIEKTPOB I3KOIPY>KHUX (PYHKIIOHAJIPHO-HEOAHOPITHUX IT'€30€JIEMEHTIB CKIafHOI GOpPMU 3a JOIIOMOIOI0
METOJly CKiHYEHHUX eJleMeHTIB. EeKTHBHICTb JAaHOTO NiAX0My alpobOBaHO HA 3a/iaYax AOCiIKEHHS

€JIEKTPOMEXaHIYHOI'O CTaHY CEKLIIOHOBAHUX LMJIIHIPIB.

2. The dissertation is devoted to solving the current scientific problem of building an effective numerical
methodology for studying the dynamic electromechanical state of homogeneous and inhomogeneous piezoelectric
structural elements taking into account the dissipative properties of the material. Problems of non-stationary and
steady oscillations of piezoelectric homogeneous, multilayer and functionally gradient bodies taking into account
the dissipative properties of the material are considered. Based on the Kelvin-Voigt viscoelastic model, generalized
to the case of coupled electromechanical fields, mathematical models of electroviscoelastic composite materials of
multilayer and functionally inhomogeneous structures are constructed. To take into account the influence of the
acoustic environment on the oscillations of the piezoelectric element, the acoustic equations are solved in the
space of Laplace transforms with the sequential exclusion of the acoustic field variables from the boundary



conditions on the surface of the actuators. On the basis of the proposed mathematical model of steady and non-
stationary oscillations of piezoceramic elements of canonical forms, effective numerical approaches based on finite
differences, the variational spline method, the finite element method, the Hamiltonian formalism, etc. were
developed. To solve the obtained boundary and initial-boundary problems, the method of discrete
orthogonalization, an explicit numerical scheme, the Newmark method, the Runge-Kutta method, etc. were used.
With the help of these developed approaches, steady oscillations of electroviscoelastic homogeneous and
composite cylinders of limited length are investigated; transient processes in multilayer and functionally
inhomogeneous thickness-polarized flat bodies, hollow cylinders and spheres; planar non-stationary oscillations of
round and annular thickness-polarized piezoceramic plates under electrical and mechanical loads; analysis of
natural, forced and non-stationary oscillations of functionally inhomogeneous bodies in a three-dimensional
setting. A numerical approach to studying natural, steady, and nonstationary oscillations of piezoelectric
functionally inhomogeneous bodies using the finite element method is developed. The influence of functional
inhomogeneity and energy dissipation on dynamic processes in piezoceramic inhomogeneous sectioned cylinders
of finite length made of hard and soft piezoceramics is studied. In the case of harmonic oscillations, the dissipative
characteristics of the resonance curves are determined taking into account Rayleigh damping, frequency-
independent damping, and complex moduli. In the case of non-stationary disturbances, the damping of oscillations
is investigated taking into account the damping of Rayleigh oscillations in high-Q and low-Q pie-zoceramics,
taking into account the heterogeneity of the material. The main scientific results are as follows: * A new class of
electroviscoelasticity problems is formulated, which takes into account the heterogeneity of the piezoelectric
material, its dissipative properties and the influence of the acoustic environment based on the theory of
electroelasticity, mechanics of the hereditary medium, rheological relations, mechanics of composites, and
hydroelasticity in the acoustic approximation. * Within the framework of the monoharmonic approximation,
approaches to solving dynamic electroelasticity problems based on the variational spline method and Hamiltonian
formalism have been developed. The developed approaches have been numerically implemented using the discrete
orthogonalization method. The developed approaches have been adapted to the calculation of harmonic
axisymmetric vibrations of homogeneous and composite electroviscoelastic bodies. * A new generalized numerical
approach has been developed for the study of nonstationary pulsating oscillations of homogeneous, multilayer and
functionally inhomogeneous piezoelectric elements of flat, cylindrical and spherical shapes, taking into account
mechanical, piezoelectric and dielectric energy losses. A method for determining the electromotive force of
piezoelectric elements under mechanical nonstationary loads has been developed. * A comparison and
systematization of approaches to taking into account the dissipative characteristics of the material using complex
modules, frequency-independent damping, Rayleigh damping, dielectric and piezoelectric loss tangents under
steady oscillations have been carried out. A four-parameter model of electroviscoelasticity under non-stationary
loads has been proposed and investigated. * A method for analyzing free, harmonic, and nonstationary oscillations
of electroviscoelastic functionally inhomogeneous piezoelectric elements of complex shape using the finite
element method is proposed. The effectiveness of this approach has been tested on the problems of studying the
electromechanical state of sectioned cylinders.
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